Although patent commercialization is a desirable outcome, a high rate of patents remains sleeping because of organizational or strategic reasons. In this work, we posit that patent features might explain the odds of patent commercialization. In particular, we investigate whether the knowledge sources used by the inventor during the process that lead to the patent can be associated to a more probable commercial exploitation of the patents. First, we argue that the joint use of market knowledge with scientific knowledge is associated to a higher probability of patent commercialization as patents should merge market acceptance with scientific advancement. Second, we also contend that professional and non-professional inventors -defined depending on whether their main job-task is inventing or not, and who have, respectively, stronger background in scientific and market knowledge -are more likely to produce commercially exploitable patents if, during the invention process, also rely on the type of knowledge they have less experience with. We use PatVal-EU dataset, including information on more than 9000 patents data granted by EPO between 1993-1998. Our empirical findings support both hypotheses highlighting the positive combined effect of market and scientific knowledge on patent commercialization.
INTRODUCTION
Though commercialization can represent a desirable outcome for a patent, a high rate of patents is not brought to the market and rests sleeping or unutilized. In the past, it has been calculated that multinational firms like Procter & Gamble and Dow Chemical have commercialized only 10% and 19% of their patents, respectively (Chesbrough, 2006) .
Similarly, Palomeras (2003) reports evidence indicating that Siemens, IBM, and Philips use less than half of their intellectual property portfolios. More broadly, Giuri et al. (2007) , using data from a survey on 9,017 European patents, show that 36% of these patents are not used; about half of them are blocking patents, and the other half sleeping patents.
Why do firms produce inventions that then they do not use? On the one hand, there might be strategic motivations, whereby patents are developed simply to prevent competitors from entering a given technological area and overcome initial market uncertainties (e.g. Giuri et al., 2007; Palomeras, 2003; Takalo & Kanniainen, 2000; Hopenhayn & Mitchell, 1999) .
On the other hand, this might be due to organizational factors, such as the lack of complementary assets to bring the invention to the market, or the loose-fit between firms' R&D activities and their business model (e.g. Chesbrough, 2006; Shane, 2001 ).
While prior studies analyzing the odds of technology commercialization have largely focused on the relationship between a patent and a firm's downstream assets, capabilities, and markets, in this study we examine whether the knowledge sources used by the inventor during the invention process are associated with the likelihood of patent commercial exploitation. Specifically, following inter alia Mowery & Rosenberg (1979) and Freeman (1982) , we consider two main types of knowledge inventors may rely upon in the innovation process. First, they can use market knowledge, i.e. knowledge on downstream markets usually drawn from users, competitors, and suppliers; second, inventors can exploit scientific knowledge, i.e. knowledge developed in R&D laboratories or elaborated from the scientific literature, and that pushes and extends the technological frontier. Although it is often argued that there exists a tension between these two domains of knowledge, whereby market knowledge leads the inventors to develop products closer to market expectations but not necessarily at the frontier of science (e.g. von Hippel, 2005) , whereas scientific knowledge improves inventions' underlying technology even at the cost of neglecting market needs, the main contention of this study is that the joint utilization of these two sources of knowledge in the inventive process is positively associated with the later commercial exploitation of a patent. In other words, we posit that using both market and scientific knowledge increases the odds of a patent's commercial exploitation.
By the same token, we contend that inventors with stronger background in one of the two knowledge types are more likely to produce commercially exploitable patents if, during the invention process, also rely on the type of knowledge they have less experience with.
More specifically, we consider two distinct categories of inventors, which we label as "professional" and "non-professional". They are respectively scientists / inventors employed in R&D departments whose main job is precisely that of inventing, and occasional inventors, whose main task is not inventing, but who rather typically work in the marketing or production departments. Indeed, these two types of inventors differ in working experience, educational background and, particularly, in the knowledge they embody (see Allen (1977) as the seminal reference on inventor types). Professional inventors, being most likely scientists, are predominantly the repository of scientific knowledge; conversely, non-professional inventors have acquired a deeper market-related know-how, being more often in contact with market agents. Our theoretical framework therefore would suggest that a patent produced by each of these two types of inventors is more likely commercialized if the inventor also draws upon the body of knowledge she lacks.
To test our hypotheses, we use a unique and extensive dataset from the PatVal-EU survey, which includes data on more than 9,000 patents granted by the European Patent Office (EPO) in Denmark, France, Germany, Hungary, Italy, the Netherlands, Spain or the UK with priority date between 1993-1998. Most importantly, this dataset contains particularly fine-grained information on the patent and the invention process, such as the eventual use of a patent as well as the knowledge sources the inventor has used to develop the patent.
Our empirical results show that indeed the combination of market and scientific knowledge increases the probability that a patent finds commercial exploitation; this result is robust even when controlling for endogeneity. Moreover, in line with our expectations, we find that a patent is more likely commercial exploited when professional inventors search and recombine market knowledge, and vice versa. These results thus strengthen the previous hypothesis according to which a balanced combination of market and scientific knowledge produces an invention that meets market needs along with a significant technical development and hence, is more likely to be commercially exploited.
Examining the factors that drive successful patent commercialization contributes to a better understanding of the innovation process, and of how this can actually contribute to firms' competitive advantage, and offers theoretical and practical implications from the perspectives of innovation management, technology strategy, and knowledge management.
The remainder of the paper is organized as follows. The next section outlines our hypotheses and the logic that supports them. We then describe the data and the empirical strategy, and report the results of our econometric analyses. We conclude discussing our findings.
HYPOTHESES DEVELOPMENT
Since the long-standing debate on whether innovation is primarily technology-pushed or market-pulled, market knowledge and scientific knowledge have been generally understood as the main types of knowledge sources fostering innovation (e.g., Freeman, 1982; Mowery & Rosenberg, 1979) . Scientific knowledge broadly refers to basic science, developed in large R&D labs or assimilated by scientific literature. Its purpose is fostering technological progress, though it is usually disconnected from market dynamics (Fleming & Sorenson, 2004) . Conversely, the character of market knowledge is more applicative, since it aims at tapping and solving existing users' problems (Lüthje, Herstatt, & von Hippel, 2005) .
It is unlikely to generate radical innovations, but it is the major source of innovative ideas (Cohen, Nelson, & Walsh, 2002; von Hippel, 2005) . Market knowledge acquisition takes frequently the form of repetitive collaborations or interactions with market-oriented agents such as customers, suppliers, and competitors. This suggests that using the two knowledge sources independently, inventors might create either inventions very close to market needs and trends if they exploit market knowledge, or they might develop technologically advanced devices not necessarily considering market trend or needs if during the inventive process they mostly employ scientific knowledge.
Though market and scientific knowledge may have different and to some extent opposite effects on the characteristics of a resulting invention, our main hypothesis is that their joint utilization is beneficial to patent commercialization, as to achieve this outcome inventions should merge technological potentiality with a marketable use (Fleming, 2002) .
Commercialization success is in fact a function of both scientific and market elements: new technologies should fit with the market needs, and clients requirements should be met with novel means (e.g., Nevens, Summe, & Uttal, 1990) . To provide further evidence to support our hypothesis, we exploit the idea that two different "types" of inventors, embodying respectively market and scientific knowledge, need to recombine their specific expertise and know-how with the other knowledge form to achieve patent commercialization. Results would demonstrate that the combination of market and scientific knowledge in patenting process increases the likelihood of the patent to be exploited on the marketplace.
Recent studies have shown that productive inventors might also be 'hobbyists', and that valuable inventions, such as the Post-it Notes, might have been the result of leisure time activities (Dahlin, Taylor, & Fichman, 2004; Davis, Davis, & Hoisl, working paper; Lettl, Rost, & von Wartburg, 2009 ).
More broadly, though most of the inventions firms produce are the output of dedicated projects and specific human resources, it might happen that also employees whose primary task is not that of inventing turn out to constitute valuable sources of new inventions.
Investigating nineteen parallel R&D projects in a large organization, Allen (1977) (Allen, 1977) .
While Allen (1977) referred to these two categories of inventors as scientists and engineers, we could more generally label them as "professional" and "non-professional", depending on whether their main job is inventing or not. We posit that professional inventors can be assimilated with the figure of scientist, while non-professional with the one of engineer.
According to our previous arguments, patent commercialization is more likely when inventors exploit both scientific and market knowledge. We therefore argue that professional and non-professional inventors need to recombine their specific expertise and know-how with the other knowledge type -respectively, market and scientific knowledge -so that they can increase the probability of their patents to be commercially exploited.
On the one hand, scientific knowledge is a map that allows the inventor to perceive possible solutions or support her to eliminate wasting efforts and useless costs of search (Fleming & Sorenson, 2004) . Non-professional inventors are therefore supposed to use scientific knowledge, since it represents a theoretical guidance to understand how to use different pieces of information and how to combine them to build inventions. On the other hand, professional inventors work in R&D labs and operate at the frontier of science, and are opportunity to help the business to increase the profit, to gain knowledge of company management policies and practices, and to participate in decisions that affect the future business of the company.
generally distant form market understanding. Hence, they need practical market know-how to interpret and reinterpret their research activities to properly match customers' expectations (Jensen, Johnson, Lorenz, & Lundvall, 2007) 
Data and Sample
The unit of analysis of this study is the patent. We study the factors that explain the probability of a given patent to find a commercial exploitation. In order to test our hypotheses, we employ a unique and extensive dataset drawn from the PatVal-EU survey, which collected data on 9,550 patents (out of 28,470 submissions) granted by European Patent Office (EPO) between 1993 -1998. Compared to the previous patent surveys, PatVal-EU survey was designed to represent the complete universe of European patents in countries such as Denmark, France, Germany, Hungary, Italy, the Netherlands, Spain, and UK. The survey covers all technological fields, includes profit and non-profit applicants, and small, medium, and large organizations. Finally, it collects data at very micro level, including information about the individual inventor (i.e. age, gender, education, motivation to invent, motivation to patent, mobility) and inventive process. More details about the survey, the issues concerning the sampling and the questionnaire, as well as the final descriptive statistics are extensively described in Giuri et al. (2007) .
Since professional and non-professional inventors have been usually distinguished and identified in private firms, and academic patents commercialization follows different norms, we exclude patents developed by universities and non-profit organizations from our sample.
Measures

Dependent Variable
The dependent variable of the models estimated in this paper is the commercial exploitation of the patent (i.e. commercialized patent), meaning whether the patent has ever had a commercial or industrial application and thus, it has generated economic revenues. In the survey, this variable is the outcome of inventors' response to the following question: 
Explanatory Variables
The survey contains fine-grained information about the knowledge sources inventors used to develop a given patent. From this information, we built the measures of our main explanatory variables.
Market Knowledge. We define market knowledge the know-how derived from informal sources of knowledge such as the users/customers, competitors, and suppliers, who are generally agents close to the market. We measure it by employing three questions in PatVal-EU questionnaire asking the inventor to rate singularly the importance of users (customers)/competitors/suppliers as sources of knowledge for the research that lead to the patented invention. Responses were originally given following a Likert scale from 0 ("I did not use this source") to 5 ("very important source"). In order to a have a unique measure, we 2 We effectively measure whether the patent has had a commercial exploitation on the market and we exclude the form of licensing, as form of patent commercialization (Teece, 1986) .
sum up the three sources of knowledge.
Scientific Knowledge. We define this variable as the knowledge generated in R&D laboratories, coming from scientific and patent literature, as well as from technical conferences. In order to measure this variable, we employ the use of questions present in the PatVal-EU survey asking the inventor to rate independently the importance of laboratories/ patent literature/scientific literature/ technical conferences as sources of knowledge for the research that lead to the patented invention. Responses were given following a Likert scale from 0 ("I did not use this source") to 5 ("very important source"). Also in this case, we sum up all the four sources of knowledge so that we have one measure.
Professional and Non-professional Inventors. We define professional inventors the ones whose main working task is researching and inventing in an institutionalized project in the firm where they work. Differently, non-professional inventors do not research or invent as primary task in the firm where they are employed. Thus, we create a dummy indicating these two alternatives, as reported by the inventors in the survey.
Control Variables
We control for a series of variables at the individual level, including inventor's age, level of education, and gender. All these data are derived from the PatVal-EU survey.
Furthermore, we control for the size of the firm where the inventor was/is employed (i.e. large, medium and small firm) and the inventor's team type (we created a dummy indicating if the inventor was a single inventor or not when developing the focal patent). Both variables may be a proxy for the resources available to the inventor during her patenting process. Finally, because time-varying and technology-specific factors may influence the invention process, we include dummies for 30 technological classes and the calendar application year, which are common to all our variables. Table 1 lists the main variables with the corresponding short definitions. Table 2a provides descriptive statistics for the main variables, and table 2b pairwise correlations. The large number of observations reduces concerns about multicollinearity that rises in case of high correlation between explanatory variables. Tables 1, 2a and 2b about here -
Statistical Approach
Given the binary nature of our dependent variable, we employ a probit model to explore the effect of our explanatory variables on the likelihood to commercialize a patent.
The probability of observing a commercialized patent is thus modeled as follows:
RESULTS
Results of the probit analyses aimed at estimating the probability of a given patent to find a commercial application are reported in tables 3.1, while the marginal effects are reported in tables 3.2 3 . Different specifications are presented: the first specification contains only the control variables, we then gradually include all the explanatory variables used to test our theory. Tables 3.1 and 3.2 about here -
As expected in hypothesis 1, the positive and significant parameter estimate of the interaction between market and scientific knowledge indicates that combined use of the two types of knowledge increases patent commercialization likelihood. Keeping constant scientific knowledge, a one standard deviation increase in market knowledge raises the probability of patent commercial exploitation by almost 0.5%. Similarly, one standard deviation increase in scientific knowledge increases the patent commercialization by 0.4%, keeping market knowledge constant. - knowledge allows non-professional inventors to increase by 0.2% the probability of commercially exploit their patents. Similarly, a standard deviation increase of market knowledge allows professional inventor to raise the probability of commercialize their patent by 0.6 %.
The parameter estimates of control variables reveal other important information regarding inventive process around patent commercialization. The starting point concerns the 'status' of non-professional: being professional or non-professional inventor is not always significantly correlated with the commercial exploitation of an invention. We could explain this result by recalling Teece (1986) and Nerkar & Roberts (2004) , who pointed out the fundamental role of complementary assets in order to commercialize a technology. The status of professional inventor is even less likely to affect the commercialization rate, with respect the non-professional one, and maybe it is due to the underlying motivations of professional inventors: they also research for the sake of researching. We also notice that the employer size (small, medium or large) has a certain weight in explaining the variance of the likelihood of commercialization. In particular, small and medium firms are more likely to commercialize patents, perhaps because they have fewer resources to invest in strategic patenting and need revenues to cover research costs. Finally, a patent developed by an inventor holding a PhD has a lower probability of being commercialized. Prior literature has usually stressed the importance of education in relation to the value of a patent (e.g. Gambardella, Harhoff, & Verspagen, 2008) , but, first, we are not dealing with patent value, but with commercialization; second, we could explain our result considering that since the PhD is a specialized educational degree, it is closer to science than to the market, so it might have an effect very similar to that of scientific knowledge and therefore, might decrease the likelihood of patent commercialization.
In all the probit specifications we presented, the coefficients of the interaction between market and scientific knowledge are statistically significant, but since the probit is a knowledge in presence of professional (or non-professional) inventors. Figures 3.a and 3 .b, and 3.c about here
Results are significant where they are different from zero and therefore, where the confidence intervals do not include the zero line (in the figures above the bold black line).
Our hypotheses hold although, the simulations indicate clear threshold levels (for hypotheses 2a and 2b) above which the interaction terms in non-linear model turn out to be significant.
Robustness Checks
We also conducted other analyses to validate our results. First, there is an obvious concern of endogeneity, whereby inventors that ex-ante decide to commercialize an invention rely upon specific and different types of knowledge. To address this issue, we exploit a specific question of the survey. From the dataset, we in fact can differentiate between patents that are the outcome of purposeful research projects, and patents that result from serendipitous individual creative processes. Thus, we estimate the probit analysis only on the sub-sample of commercialized patents deriving from a serendipitous process (n=1,608), and we examine the impact of the combination of market and scientific knowledge on the probability of commercialization only on this sub-sample of patents. Hence, in this way we can control for the intentionality of the inventors in using different knowledge sources for the purpose of commercialization and exclude that the ex ante decision to commercialize could be associated to the knowledge sources chosen. Results of this regression are reported in table 6.1 and show coefficients consistent with the ones reported in the previous section. We also checked the significance of the interaction term through the simulation based approach: the results hold also with this methodology (a graphical representation is reported in figure 4 .a).
-------------------------Insert Table 6.1 and Figure 4.a about here -------------------------
Second, we observed that non-professional inventors are more likely to be employed in small and medium firms, whereas professional ones are more present in large firms, as these firms allow for specialization and have institutionalized R&D laboratories. To check for potentially different effects depending on firm size, we then conducted a probit analysis splitting the sample according to size of the employer: one sample includes large firms that are companies with more than 250 employees (n= 4,320), whereas the other sub-sample (n= 1,360) includes small and medium sized firms (employing respectively less than 100 employees and a range of 100-250 employees). Results of the large firms sub-sample are consistent with our hypotheses (see tables 7.1), while by contrast, the results of the analysis of the sub-sample of small and medium firms did not give support to our hypotheses (see tables 7.2). This may be due to the lack of a real division between professional and nonprofessional inventors in small e medium firms. Small or medium firms are less likely to have internal R&D labs, and thus, a distinction between professional and non-professional inventors cannot be so evident. Hence, in this case, a clear division of labor could be a fundamental boundary condition to our study.
-------------------------Insert Table 7.1, and 7.2 about here -------------------------
The last robustness check considers how the results can be sensitive to a different measure of patent commercialization. PatVal-EU questionnaire offers three distinct answers (e.g. "Yes", 
-------------------------Insert Table 8.1 about here -------------------------
DISCUSSION AND CONCLUSION
In this work, we showed that knowledge sources exploited by inventors during the patenting process might influence the nature of inventions and the probability that patents are commercially exploited. In particular, we showed that the likelihood of patent commercialization is associated to the joint use of market and scientific knowledge, which allows coupling market needs with scientific advancements. In line with these findings, we also show that two inventor types, professional and non-professional, characterized respectively by scientific and market knowledge background, should rely upon the knowledge type they do not embody to be able to develop inventions more likely marketable.
A number of limitations of this study are worth noting. First, self-reported measures through ordinal Likert scales and the use of dummy variables might increase the problem of unexplained variance. Second, we just have cross-sectional data and cannot fully control for inventors fixed effects. Third, we have the information on whether a patent has been commercially exploited and has had some market application, but we do not have any evidence of performance about its success on the market. It could be therefore interesting also to investigate whether the two knowledge sources might be correlated with the success of the patent over time, for instance, in terms of sales.
Notwithstanding these limitations, this work offers some relevant contributions to prior literature. Existing research has extensively focused on the role of organizational competences as the main driver of successful technology commercialization (Nerkat & Roberts, 2004; Mitchell & Singh, 1996; Zahra & Nielsen, 2002) . By contrast, in this study we consider inventions' features, and concentrate on the knowledge sources used to develop a patent. We add to the literature by showing that patents presenting specific characteristics are more likely to have market application. In other words, the study points out that the technology commercialization process might not depend exclusively on the strategy implemented by the firm or on the capabilities developed by the organization to sustain such process, but some intrinsic characteristics of the patent can help to explain its likelihood of being commercialized. Moreover, the few studies that have considered patent characteristics have mainly focused on classical patent features, such as their breadth, the value, the innovativeness degree, to predict certain patent outcomes (Chatterjii & Fabrizio, 2011; Nerkar & Shane, 2007; Palomeras, 2003) . We also contribute to this literature by considering as explanatory factor of patent outcome also the underlying process leading to patented invention. The possible use of a patent might also depend on the previous choices made by the inventor, like the dynamics of choosing different knowledge to generate an idea.
Second, this study offers some implications to the technology strategy literature. An efficient technology strategy with the purpose of creating marketable patents might complement own R&D with the co-development of ideas and solutions with the final users or the downstream market companies. Our results indicate that market and external agents are not only sources for ideas generation but they could be beneficial also for the development of technologies.
Third, we contribute to the literature of knowledge management by showing that different inventors should rely upon different knowledge. Literature points out that inventors' knowledge background and expertise affect their inventive outcome (Chase & Simon, 1973; Chua & Iyengar, 2008) , but it is silent on how and whether it needs to be recombined with respect to specific purposes. Through this work, we highlight that in the case of patent commercialization, the combination of distant knowledge sources, both market and scientific oriented, are necessary. With the support of the two categories of inventor, which exemplify the market and the scientific knowledge, we demonstrate that their personal know how is not sufficient and it must be complemented with other knowledge sources. The evidence that inventors need distant knowledge types to create novel outputs suggests that inventive processes inside organizations might be more distributed, rather than concentrated in a unique department. Our findings would therefore suggest that policies to incentivize information and ideas sharing across organizational departments and with external agents could be beneficial to improve the organizational innovative process. "the idea for the invention was directly related to the inventor's normal job (which is not inventing), and was then further developed in a (research) project; ii) the idea for the invention came from pure inspiration/creativity or from your normal job (which is not inventing), and was not further developed in a (research or development) project (was patented without further research or development costs)" PROFESSIONAL Dummy =1 if, as stated in the formulation of the question in the survey i)"the invention was the targeted achievement of a research project; ii) the invention was an expected by-product of a research project, not directly related to the main target of the project; iii) the invention was an unexpected by-product of a research project, not directly related to the main target of the project" 
